IntroductIon
Heterotopic or ectopic tissue is a congenital anomaly, defined as the presence of the tissue outside its normal location, without neural, vascular or anatomic connection with the main body of an organ in which it normally exists. This tissue is usually discovered incidentally and may be asymptomatic or may present with non-specific gastrointestinal symptoms [17, 57] .
Two types of heterotopic tissues, i.e. pancreatic and gastric, predominantly occur in the gastrointestinal (GI) tract [6, 27] .
HeterotopIc pancreas (Hp)
Heterotopic pancreas was first described by Jean Schultz in 1727. In 1909, Heinrich et al. classified heterotopic pancreas into three types [69] :
• Type I -with ducts, acini and endocrine islets similar to those seen in normal pancreatic tissues.
• Type II -with a large number of acini, a few ducts and no islets.
• Type III -with numerous ducts, a few acini, and no islets.
The frequency of ectopic pancreas found in autopsy studies is approximately 0.5%-13.7%. Heterotopic pancreatic tissue can be located anywhere along the GI tract; the most common sites are the stomach (27.5%), duodenum (25.5%), colon (15.9%), esophagus, and Meckel's diverticulum [69, 75] . It has been found in approximately one per 500 surgical procedures involving the upper GI tract [58] . It can also occur in the gallbladder, biliary tract, spleen, liver, omentum, mesentery, thorax (e.g. lung), and pelvis [69] .
HeterotopIc gastrIc mucosa (Hgm)
Ewell and Jackson were the first to report HGM in the English literature in 1939 [22] . This congenital abnormality can be imitated by acquired changes (for instance, pyloric epithelial lining) in some organs such as the lower esophagus, duodenal bulb and gallbladder [52] . HGM can occur anywhere along the GI tract, similarly to HP; however, its most common locations are different. The number of cases of heterotopic gastric mucosa localized in the lower gastrointestinal tract available in the literature is very low [11, 46, 49, 56] .
HGM or HP can appear in various segments of the GI tract. Below we present heterotopy characteristics in particular locations.
esopHagus
In the esophagus nearly entirely HGM is observed. An "inlet patch" or "cervical inlet patch" is a designation of heterotopic gastric mucosa of the proximal esophagus (HGMPE). It is a common congenital abnormality, which can be seen in up to 10% [63] of the general population (1-18%) [14] . Autopsy studies have reported higher incidence -up to 70% [70] . A flat, salmon-colored patch located in the proximal third of the esophagus, distal to the upper esophageal sphincter, is usually incidentally discovered during withdrawal of the gastroscope while evaluating other gastrointestinal complaints [14, 15] .
Clinicopathologic classification distinguishes 5 types of HGMPE [14] , based on clinical, histological and endoscopic characteristics:
• HGM I -asymptomatic, the most common;
• HGM II -symptomatic, without further morphologic findings; • HGM III -symptomatic due to morphologic changes; • HGM IV (intraepithelial neoplasia) -malignant transformation via dysplasia (however, in contrast to Barrett's esophagus, HGM should not be regarded as a precancerous lesion); • HGM V -cervical esophageal adenocarcinoma.
The clinical manifestations can be divided into non-neoplastic (II-III) reported in younger patients and neoplastic (IV-V) observed mainly in the elderly population [14, 70] .
Acid-related type II and III manifestations include the most common laryngopharyngeal reflux symptoms (prevalence 20-73%), such as heartburn, regurgitation, dysphagia, hoarseness, globus sensation, throat irritation, sore throat and chronic cough. Non-neoplastic groups can also occur as ulceration, bleeding, perforation, stricture, esophagotracheal fistula, polyps and cysts. Moreover, chronic ear or sinus complications have been reported [6, 12, 13, 14, 15, 20, 48, 63, 73] . HGMPE can manifest as acute or chronic esophagitis in response to acid suppression therapy [74] . Coexistence with gastritis may be related to infection with Helicobacter pylori, which is identified on the inlet patch and in the stomach simultaneously. H. pylori is not found in all cases but 73% prevalence of this finding intimates that another event, e.g. reflux, may be required for H. pylori to colonize HGM. Density of bacteria is comparable in both locations. Active inflammation correlates with active infection in the inlets and the presence of antral type mucosa [33] . Study findings have revealed that H. pylori was identified in 23.5% of all patients with an inlet patch and that those patients had globus sensation [2] . The reported data of eradication therapy resulting in clinical improvement and amelioration of histopathological changes in the HGM suggest that the treatment may affect not only gastric but also extragastric manifestations of H. pylori infection [74] .
A manometric investigation demonstrated abnormal esophageal motility: non-specific motor disorder, hypomotility and hypotensive LES (low esophageal sphincter) in patients with HGMPE. The 24-h pH monitoring in the same study showed pathological acid reflux (<4) in 30% and "acid independent episodes" in only 13.3% of patients. These abnormalities may determine some of the symptoms of HGMPE patients [41] .
Although clinical symptoms and the histological mucin staining pattern of HGMPE and Barrett's esophagus are similar, which intimates their congenial pathogenesis, their different origin and secretion of gastrin, bombesin and somatostatin in HGM negate the identicalness of the two anomalies [14] . Studies concerning the association between these disorders provided conflicting results. Four of them have reported higher risk of Barrett's esophagus compared to patients without HGMPE, whereas the other five found no correlation [15] . Pediatric population symptoms differing from those reported in adults include higher incidence of respiratory symptoms, laryngospasm, and pulmonary aspiration [21, 45] . An autopsy study revealed a positive correlation between the presence of HGMPE and unexplained death, probably associated with respiratory disorders. The symptom of the highest prevalence is still dysphagia associated in the pediatric population with esophageal atresia, stricture, or gastroesophageal reflux disease (GERD). However, very rare manifestations were also observed such as ear, nose and throat symptoms or recurrent cervical abscess connected with the fistula [14, 20] .
Neoplastic transformation in HGMPE is extremely rare. Non-malignant changes such as chronic inflammation, intestinal metaplasia (also reported in the pediatric population) and dysplasia similar to those in the stomach have been noted. To date, there have been only 43 cases of adenocarcinoma reported since first described in 1950. Based on earlier studies, the frequency of adenocarcinoma and low-grade dysplasia in patients with HGMPE is likely to be overestimated at 0-1.56%. According to the reported data, malignancies mostly affect men at the average age of 60.4 years diagnosed in the advanced state of neoplasm. Smoking appears to be a risk factor. The most common complaint is dysphagia. Lesions observed include ulceration, protrusion and polyploid changes [1, 14, 70] . The first reported case of laryngeal carcinoma associated with the inlet patch developed in a patient with long--standing asthma, gastroesophageal reflux and symptoms commonly accompanying HGMPE [14] .
stomacH
The most common localization of the ectopic pancreas is the stomach, with more than 95% of the lesions being discovered in the antrum and close to the greater curvature; next in frequency is the duodenum. Like in other localizations, ectopic pancreas is usually asymptomatic; however, there are many reports describing the development of clinical symptoms, including the most common one, outlet obstruction [27, 66] . Inflammation or chemical irritation of the gastric mucosa induced by the secretion of hormones and enzymes by HP may cause pain; in fact epigastralgia is the most frequent complaint, especially when the lesion's diameter is larger than 1.5 cm [27] . Pain is chronic or recurrent, rarely postprandial; it can be associated with nausea and vomiting [17, 27, 29, 55, 66] . Moreover, anorexia and weight loss can be observed. Ectopic pancreas also manifests as postprandial dyspepsia and gastroesophageal reflux (commonly if HP is situated in the gastroesophageal junction) and in consequence may suggest peptic ulcer [25, 51] . Ulceration and secondary perforation of HP in the stomach or gastric tissue may also appear and manifest as upper gastrointestinal bleeding, e.g. hematemesis [3, 27, 32] .
Malignant transformation is mostly found to be adenocarcinoma followed by acinar cell carcinoma or carcinoid tumor [27, 30, 50, 53, 54, 67] .
duodenum
Cystic dystrophy in heterotopic pancreas (CDHP) is an uncommon but serious complication of dilatation of ectopic pancreatic ducts of heterotopic pancreatic tissue [64] . Clinically, it can manifest as abdominal pain, nausea, vomiting, jaundice and weight loss [18, 64, 76] . Imaging studies reveal nonspecific inflammatory changes, detected mostly in the second part of the duodenum, causing stenosis. Histologically, these changes are seen as multiple cysts, fibrosis of normal glands and adenocarcinoma in HP [64] . Laboratory examinations may show elevated pancreatic enzymes and suggest inflammation [76] . Interestingly, patients with CDHP are usually male alcoholics (smokers in some cases) in the age range of 37-63 years [64] .
Symptomatic inflammation of HP in the duodenal wall without atypia may also induce complications such as ulceration, bleeding, and perforation [31, 62] . Prevalence of bleeding in patients with HP in the duodenum is low (3%) however, cases in which the presence of ectopic pancreatic tissue caused massive hematochezia have also been reported [72] .
There is only one report describing intractable diarrhea accompanying abdominal pain, regressing with defecation as a manifestation of ectopic pancreatic tissue in the duodenum [68] .
The neoplasm arising from HP in the duodenal wall is usually adenocarcinoma, seen as increased wall thickness [40, 60, 65] . It may give symptoms evidencing duodenal or gastric disorders, e.g. vomiting or distension, if it causes gastric outlet obstruction due to its localization [7, 65] . An islet cell tumor is extremely rare; in recent reports HP was only composed of endocrine islet carcinoid tumor, at least focally. Serum hormone levels may not be increased but immunostaining reveals cell positivity for chromogranin, synaptophysin, neuron-specific enolase, insulin, less frequently for gastrin, calcitonin, somatostatin, glucagon, and pancreatic polypeptide. Clinically, it can present with GI bleeding, or epigastralgia due to a mass in the stomach, sometimes with ulceration [65] . HGM is a rare discovery in the duodenum except the bulb. According to study findings, in patients with duodenitis it is correlated with gastric pathology. In addition, a strong association between HGM and concurrent fundic gland polyps has been found [26] .
Vater's ampulla and bIlIary tree
The common bile duct and ampulla of Vater are considered as one topographical site, since manifestations of heterotopic pancreas in both locations are the same and result from common bile duct obstruction. Less than 30 cases have been reported, with over twofold higher frequency in Vater's ampulla; the male-to-female ratio is 3:1 with a peak incidence at the age of 30-70. The most common symptoms include epigastric pain and progressive, obstructive jaundice [8, 16, 71] . Back pain, gas indigestion, postprandial abdominal fullness, weight loss, tea-colored urine, and general malaise have also been observed, albeit with lower prevalence [13, 35] .
The mechanism of biliary tract obstruction by heterotopic pancreas may be determined by:
1. Secondary irritation as a result of a foreign body effect and excessive irritative secretion inducing spasm and hyperirritability of the local duodenal and biliary segment. 2. Production of some degree of intermittent obstruction to biliary flow due to pressure, tissue edema leading to acute or chronic cholangitis [8] .
Imaging examinations, including endoscopic retrograde cholangiopancreatography (ERCP), computed tomography (CT) with contrast and abdominal sonography show distal bile duct stricture and biliary dilatation, hydrops of the gallbladder and dilation of the intrahepatic bile ducts, common bile duct, and Wirsung duct, and ampullary protruding mass, sometimes with mucosa ulceration. Characteristic central umbilication is usually absent on endoscopy, which arouses the suspicion of cholangiocarcinoma. Laboratory data can be abnormal [8] .
Although rare, HP should be considered in the differential diagnosis of papillary tumors, particularly as the diagnosis in the biliary tree is very difficult [19] . According to some studies, the relationship between the presence of pancreatic tissue and pancreatic carcinoma should be examined [8] . The preoperative diagnosis based on magnetic resonance (MRI) or endoscopic ultrasound (EUS) cannot be established. The biopsy seldom reveals chronic inflammation. Although EUS indicates benign pathology, presenting HP as hypoechoic and heterogeneous changes with indistinct margins, it can be misdiagnosed as a leiomyoma [8] .
Heterotopic gastric mucosa can also be detected in the bile duct and masquerade as cholangiocarcinoma. An example can be found in the report of a female with mild liver dysfunction symptoms, who had HGM forming a polypoid lesion in the hilar bile duct, which caused stenosis at the junction of the left hepatic bile duct [24] .
A case of upper gastrointestinal tract bleeding as the result of ectopic pancreas located in the minor duodenal papilla has been reported [62] .
gallbladder
The gallbladder is an extremely rare location of the heterotopic pancreas (34 cases have been reported) and can be associated with cholecystitis or cholecystolithiasis. Patients may be asymptomatic or complain of pain in the right upper abdomen, attacks of right hypochondriac pain and vomiting [4, 23] .
Tenderness to palpation of the right upper abdomen with a positive Murphy's sign is likely to be observed on physical examination [44] . Abnormalities in laboratory results may be noticed; the first case of HP in the gallbladder causing elevations in bile amylase and lipase was reported in 2012. [59] . Ultrasonographic examinations show a polyp or the thickened gallbladder wall, occasionally with a calcified lesion, usually located in or near to the neck. The yellowish intramural nodule is lymph node or gallbladder cancer [44] . Histological examinations reveal HP or tissue without islet cells corresponding to incomplete heterotopia in symptomatic patients with cholecystitis [44] .
Cholecystitis symptoms may be also induced by heterotopic gastric tissue in the gallbladder, found as a mass causing obstruction of the biliary ducts. Diarrhea and fever are also observed. Histopathologically, the resected specimen shows a polypoid lesion composed of gastric fundic glands. Moreover, cases of duplication cyst lined by HGM coexisting with secondary ulceration and fibrosis have been reported [24, 34, 39, 43] .
Ectopic tissue should be differentiated from gallbladder cancer but ectopic tissue also can promote carcinogenesis; in both cases surgery is necessary, because of the lack of specific clinical and imaging signs [43] .
large bowel
Although heterotopic gastric mucosa is a very rare discovery in the large bowel location, it is the most common ectopic tissue in this orientation. Studies suggest that abnormal epithelial differentiation might be determined by gene deregulation, for instance induced by local inflammation. Heterotopic-like lesions can result from fetal displacement as well as an inflammatory reaction [61] .
The most common manifestation of HGM in this location is painless rectal bleeding (with accompanying ulceration, but in more than 50% of cases connected with colonic duplication of about 33% prevalence) [36, 37, 42, 61] . Other symptoms in decreasing order of frequency are perineal ulceration, anal pain, abdominal (chronic or colicky) pain and melena [37, 42, 56, 61] . According to a review of the literature, ectopic gastric tissue is found as a result of investigation of symptoms such as abnormal bowel habits suggesting irritable bowel syndrome [52] . HGM is usually connected with polyps, followed by diverticula, ulcer and in reddish appearing mucosal plaque, folds, or flaps [56, 61] . On microscopy, HGM is found as a fundic type, followed by a mixed type, and body type, not specified or definable [56] . Only a single case was composed of pyloric-type mucosa and was associated with adenocarcinoma. H. pylori was identified in the rectal HGM [37, 56, 61] .
In the anorectal location as well as in others, HGM may develop into neoplasms, benign (adenoma) or malignant (adenocarcinoma) [61] .
HGM should be excluded in the differential diagnosis of rectal bleeding also in association with abdominal pain and proctitis in the pediatric population, though rare cases have been reported [11, 49] . In children stricture formation and obstruction are likely to occur [11] .
Compared to the upper GI tract, the frequency of HP in colorectal location is lower. Its presence can also be complicated by inflammation and stricture. Ductal adenocarcinoma arising from rectal HP has been described [28] .
meckel's dIVertIculum (md)
Meckel's diverticulum is the most common congenital malformation of the gastrointestinal tract, which is quite frequently complicated by the presence of ectopic tissue [9] . The most frequent ectopic tissue is gastric mucosa, whose common complication is bleeding induced by inflammation, which can also be accompanied by ulceration [9, 47] . Gastritis may be the result of Helicobacter-like bacteria found in HGM [47] . Clinically, non-steroidal anti-inflammatory drug (NSAID) administration is a significant cause of acute bleeding from HGM; furthermore it can be associated with Meckel`s diverticulum perforation, yet there are no studies confirming that HGM can also be perforated due to the NSA-ID effect [9, 38, 47] .
Neoplasm is a rare complication of MD; the most common are neuroendocrine tumors. Adenocarcinoma arising in MD can intimate the presence of HGM, from which it usually develops in this localization. HP is an uncommon discovery in MD, although well described in the literature [10] .
Dystrophic calcification may appear in both gastric and pancreatic ectopic tissue in MD [47] . Acute abdominal pain, tenderness, vomiting, diarrhea and other nonspecific symptoms from the GI tract are likely to be reported by patients with ectopic tissue in the MD but they are not pathognomonic for this pathology [47] .
conclusIons
Ectopic tissue, both gastric and pancreatic, is usually asymptomatic; if complicated, it gives non-specific symptoms from the GI tract such as abdominal pain, nausea, vomiting, abdominal dilatation and indigestion.
The mass effect of HP in the GI tract can present as reflux symptoms, dilatation and pain induced by compression.
Secretion of enzymes by the ectopic tissue affects the surrounding tissue, causing its irritation, or damage as well as other consequences such as inflammation and pathologies secondary to this process. Successful alleviation of symptoms such as bleeding with H 2 inhibitors or proton pomp inhibitors suggests that the mechanism of secretion in HGM is the same as in the gastric tissue in the normal location. Increased secretion of hydrochloric acid in HGM can result in the same complications as those observed in the stomach, i.e. inflammation, ulceration, bleeding, and perforation.
NSAID and other risk factors inducing ulceration in the stomach may also be associated with this disorder in HGM. HP in the duodenum and stomach can cause life-threatening conditions; it should be excluded in the differential diagnosis of acute abdomen, which may be the result of perforation secondary to pancreatitis or gastritis, especially in the duodenum and stomach. Symptomatic or asymptomatic HP, found incidentally during imaging examinations performed due to other disorders, should be considered in the neoplasm differential diagnosis.
Gastric or pancreatic heterotopy, although rare, should be taken into consideration in the differential diagnosis of unexplainable abdominal pain, bleeding from the gastrointestinal tract or weight loss. The detection of heterotopy enables one to implement appropriate treatment and reduce the risk of complications. Once heterotopy has been detected, appropriate treatment can be implemented, which will reduce the risk of complications.
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